Objective: The aim of this study was to evaluate the performance of dual-mobility (DM) cup systems for revision total hip arthroplasty (rTHA) in patients who had high risk for instability. Methods: We prospectively followed up 34 hips of 30 patients (27 females, 3 males; mean age: 66.1 (range: 33 to 89) years) who underwent rTHA with DM cups for aseptic loosening in 23 hips, infection treatment as second or single stage in nine hips, and instability in two hips. Clinical functions of the patients were evaluated using the Harris Hip Score (HHS), and radiological migration or loosening of the DM cups were recorded. The survival of the components was calculated with the Kaplan-Meier survival analysis and failure was defined as any dislocation of the polyethylene (PE) insert, intraprosthetic dislocation (IPD), aseptic loosening of any component or total hip system revision due to any reason. Results: The mean duration of follow-up was 3.52 (range: 2.05 to 6.26) years. There was one dislocation of PE insert (2.9%), which was treated with closed reduction. There were two (5.8%) re-revisions for cemented DM cup due to migration. There was one PE insert and head change due to subacute infection. The mean HHS increased from 42.8 ± 6.7 (range: 34 to 60) points preoperatively to 87.3 ± 5.8 (range: 75 to 98) points postoperatively. The cumulative survival rate of the DM cup system was 91.2% (95% CI: 81.6 e100%) with any revision, 94.1% (95% CI: 86.2e100%) with aseptic loosening and %97.1 (%95 CI: 91.4 e100%) with dislocation as the end point at 3.5 years. Conclusion: Dual-mobility cups may provide good stability and represent a good option for revision acetabular reconstruction in patients who have high risk for instability. Level of evidence: Level IV, therapeutic study.
Introduction
Instability is one of the most challenging complication after revision total hip arthroplasty (rTHA). 1, 2 Reported rate of dislocations was up to 28% after rTHA. 3 Multiple surgical constructs can be used to address instability after rTHA, e.g., constrained acetabular implants, large-diameter femoral heads and dualmobility (DM) cups. 4e6
The DM system for total hip arthroplasty and rTHA to reduce the risk of THA dislocations was first introduced in the 1970s by Gilles Bousquet. 7, 8 The DM concept consists of a mobile polyethylene insert (PE), which articulates freely its metallic acetabular shell. Femoral heads are impacted in force and captured into the mobile PE insert. The PE insert, with its large-diameter head, moves the femoral head of the prosthetic joint closer to the native one and limits dislocation due to the increased jump distance. Despite good to excellent clinical results, instability has been observed to continue in some DM systems, including intraprosthetic dislocation (IPD), which is a unique complication of DM system identified as the separation of the mobile PE insert form the prosthetic femoral head, with an incidence rate ranging from 0% to 8.7% in rTHA. 7,9e11 This is extremely difficult to reduce using closed techniques and requires an open procedure.
The risk factors for instability after rTHA are multifactorial, e.g., bone defects, inadequate soft tissue envelope, previous surgical applications, patient characteristics (age, gender), alignment of components, impingement, muscle imbalance (cognitive or neuromuscular disorders), hip abductor insufficiency and limb length. 5, 12, 13 The purpose of this study was to demonstrate the outcome of the same-design DM cups in patients who had high risk for instability before and/or after rTHA.
Patients and methods
We prospectively followed 35 consecutive patients who were considered to have high risk for instability after rTHA and who underwent isolated acetabular and/or rTHA using same-design DM bearings by a single senior surgeon between January 2009 and September 2016, after obtaining the approval of the institutional review board. During the follow up, four patients died of causes unrelated to revision surgery, while one patient was lost to followup. Conclusively, we followed up 34 rTHA in a series of 30 patients (27 females, 3 males) with an average of 66.1 (range: 33 to 89) years at the time of revision. The mean follow-up time was 3.52 (range: 2.05 to 6.26) years. The mean BMI of the patients was 26.8 ± 7.2 (range: 19.7 to 36.2). The most common indication for revision included aseptic loosening, single-stage or two-stage periprosthetic joint infection (PJI) treatment and recurrent instability ( Table 1) . Indications for the DM acetabular cup included revision for instability or a history of dislocation in two patients, abductor deficiency and/or trochanteric non-union in 19 patients, the American Academy of Orthopaedic Surgeons (AAOS) Grade 4 bone defects in seven patients, and inadequate intraoperative stability when trialing in two patients. On average, patients had undergone a hip surgery 2.9 (range: 1 to 13) times.
All revisions were performed using a posterolateral approach by a senior surgeon. Both components were reconstructed in 19 patients (23 hips) and isolated acetabular revision was done in 11 patients. All reconstructions were done with same design stainless-steel DM acetabular cups (POLARCUP™; Smith & Nephew Schweiz AG, Baar, Switzerland). The cup size was selected according to the acetabular reconstruction technique and displayed a range from 43 mm to 61 mm. 28-mm femoral heads of CoeCr were used in 22 hips, ceramic heads (BIOLOX ® delta ceramic; CeramTec GmbH, Plochingen, Germany) were used in four hips, Oxinium heads were used (Smith & Nephew) in two hips, and stainless-steel heads were used in one hip, totaling 29 revisions. 22-mm CoeCr femoral heads were used in five revisions. We used ultra-high-molecular-weight PE mobile component in 15 revisions and cross-linked PE (XLPE) mobile component in 19 revisions. Cemented femoral components (Echelon™; Smith & Nephew) were used in 11 hips, monoblock cementless femoral components (SLR-R ® , Echelon™) in eight hips, and modular cementless reconstruction stem (LINK ® MP ® Reconstruction Prosthesis; Waldemar LINK GmbH & Co. KG, Hamburg, Germany) in one hip. A mega-tumor prosthesis (Penta-MERS ® ; TIPSAN, Izmir, Turkey) was used in three hips that needed excessive bone resection for PJI treatment.
Acetabular reconstruction techniques were preferred according to the degree of the acetabular bone defect and acetabular defects were classified according to the AAOS classification system. 14 AAOS Grade 2 and 1 defects were observed in 15 hips (cemented in 11 hips and cementless DM cups in four hips). AAOS Grade 3 defects were recorded in 12 hips and cemented DM cups into acetabular reinforcement rings (Contour Acetabular Reinforcement Ring ® ; Smith & Nephew) were used with a cancellous femoral head allograft. AAOS Grade 4 defects were observed in seven hips and cemented DM cups were used with acetabular reconstruction ring (Contour Acetabular Reconstruction Ring ® ; Smith & Nephew). In three patients, a medial wall mesh (X-Change™; Stryker, Sao Paulo, Brazil) was needed with cancellous graft impaction for the medial wall defect (Fig. 1 ). During revision, we used a trochanteric gripplate (ACCORD™ Cable System; Smith & Nephew) in 13 hips for the abductoretrochanteric complex.
Clinical and radiological follow-ups were performed at the 3rd, 6th and 12th month and 3rd and 5th year postoperatively. We prospectively checked any evidence of acetabular and femoral component loosening, 15, 16 and the clinical outcomes were evaluated using the Harris Hip Score (HSS). 17 Statistical analyses were performed using the MedCalc v.17.9 statistical software (MedCalc Software bvba, Ostend, Belgium; https://www.medcalc.org; 2017). Kaplan-Meier survival analysis was used to calculate survivorship curves with 95% confidence intervals (CIs) with end points of any revision for dislocation of PE insert and/or IPD and any revision of DM system for any reason.
Results
No revision for the PE insert was needed or IPD was observed after a mean follow up of 3.52 (range: 2.05 to 6.26) years. We had one PE insert dislocation in a 63-year-old patient who had an uncontrolled Parkinson's disease and had undergone three surgeries and 14 closed reductions due to recurrent dislocations. This patient had two dislocations; the first due to a fall during mobilization two days after the revision surgery and the second eight weeks after the first closed reduction. Re-revision was scheduled for this patient. However, after replacing the deep brain stimulator battery for muscle imbalance, we did not observe any new re-dislocation of the PE insert or IPD during the 18-month follow-up, so we canceled the revision surgery.
There were 3 (8.8%) re-revisions; two due to aseptic loosening and one due to subacute infection. The reason of aseptic loosening was the migration of the cemented acetabular cups from the acetabulum in patients with severe hip abductor insufficiency after 11 months and 19 months from revision (Fig. 2) In Case #1, we used multi-hole cementless cup and constrained acetabular liner for salvage and did not observe any loosening during her 3.5-year follow-up. In Case #2, the same DM cup was cemented into the acetabular reconstruction ring and the patient completed 5.5 years of follow-up without any sign of loosening. We did not observe any loosening of the other cemented DM cups that were placed into the acetabular reconstruction or reinforcement ring. In Case #3, subacute infection was detected one year after revision. The infection was treated with irrigation and PE insert-femoral head exchange with administration of six weeks of IV antibiotics. No loosening of the femoral components was observed. The mean preoperative HHS improved from 42.8 ± 6.7 (range: 34 to 60) to 87.3 ± 5.8 (range: 75 to 98) points postoperatively (p < 0.001). The cumulative survival rate of the DM cup system was 91.2% (95% CI: 81.6e100%) at 3.5 years, with any revision as the end point. The infection-free survival rate of the DM cups was 94.1% (95% CI: 86.2%e100%). Kaplan-Meier analysis showed 97.1% (95% CI: 91.4e100%) survivorship for dislocation at 3.5 years (Fig. 3 ).
Discussion
The most important characteristic of DM cups was its ability to provide more stability via increasing the jump distance of the prosthetic femoral head, following total hip arthroplasty and rTHA. 2, 10, 18, 19 Additionally, DM bearings provide more stability than other surgical constructs in patients undergoing rTHA. 20, 21 We found out that when the patients, who had a high risk for instability, underwent revision surgery for any reason, the use of a DM construct provided excellent stability with acceptable revision rates in the short term. Different dislocation rates were reported with the use of DM cups in rTHA. Wegrzyn et al. reported 1.5% dislocation of PE insert and 0.2% IPD rate in 994 rTHAs during a midterm follow up. 18 Our results had similar dislocation rates (2.4%) with previous series ranging from 0% to 8.7% at 2e8 years of follow-up on average. 11, 19, 22, 23 We had one dislocation of PE insert in extreme patients with a history of uncontrolled Parkinson's disease and multiple previous surgeries due to recurrent instability that was treated with closed reduction and replacement of the deep brain stimulator battery.
Hip abductor insufficiency poses a high risk for instability in patients who had undergone rTHA. 7, 24, 25 Plummer et al. reported one dislocation in 36 patients (2.7%). 2 In a different study, 6 (0.6%) DM cup dislocations were reported in the context of severe abductor insufficiency. 18 In another recent paper, there was no dislocation of PE insert or IPD during the short-term follow-up of 16 patients who had severe abductor insufficiency. 26 Abductor or muscle insufficiency also have a risk for mechanical failure of DM constructs due to increased forces at the acetabular bone-cement interface. We observed two cemented cup revisions due to mechanical failure in patients with abductor insufficiency. Some surgeons recommend that if the patient has a severe bone loss and muscular insufficiency and/or had undergone a revision surgery with cemented DM cups, the use of a cage or ring may increase the quality of fixation. 24 Our results had similar mechanical failure rates (5.8%) with previous series ranging from 0% to 5.5%. 23, 27 POLARCUP™ has shown a favorable survivorship (97.4%) without any PE insert dislocation or IPD after a midterm follow-up of 150 primary THA patients, but its performance in rTHA is unknown. 28 The overall performances of the DM systems showed that DM bearings are reliable options for rTHA via preventing or treating instability. In a recent review, which evaluated 3008 rTHAs, the incidence of dislocation was 2.2%, the rate of aseptic loosening was 1.4% and the rate of IPD was 0.3% after a mean follow-up of 5.4 (range: 2 to 8) years. 29 According to our results, POLARCUP™ had low rates of instability and a good overall survivorship in rTHAs after 3.5 years of follow-up on average.
Our study had some major limitations. We had a small number of patients with a relatively short period of follow-up after rTHA. A source of bias is the possible nonrandom variation in the senior surgeon's preference to use cemented DM with or without an acetabular ring or cementless DM revision implants. Acetabular defects and abductor status of the patients were not uniform. There was no control group to compare the results of the DM cups with those of conventional constructs, constrained acetabular components or large femoral heads. Finally, further follow-up will be required to assess the implant performance and special complications such as IPD and PE insert wear in the long term. In conclusion, our results suggest that DM cups may provide good stability and are a good option for patients with high risk for dislocation after rTHA in the short term. In addition, when using cemented DM cups, the status of the abductoretrochanteric complex should be taken into account to prevent a possible mechanical failure.
Declaration of interest

